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ABSTRACT The fungicide ziram | zine dimethly dithso-
carbamate) was evaloated for is i vitre mulagenicity om
human leucocytes. We smployed £i% doses of ziram {00001,
0.01, 0.0, 10, 5.0 and 10.0pg per ml) o stady i effect on
the miwstic index, chromozomal aberrations, eatellite ageo-
clations and micronuclel. Chromasomal sberrations, satel-
fite aszocialions and microsucled were found o be high at

dose 0,1 pg; 1.0 pg and above resalied in 100% cell death.
INTRODUCTION

The use of pesticides has become inevitable
in modem agriculture and has led (o measurable
pollution of our environment. The pesticides
{insecticides, fungicides and herbicides) are
toxic toanimals, which may cause alterations of
genetic matenal and therefore represent risk of
cancer (IARC, 1974-76). They could also be a
source of hazard (o humans, being present in
small amounis in food swffs (Berg, 1975) and
particularaly to farmers and pesticide manufac-
turers who handle them directly, The dithiocar-
bamate fungicide ziram (zinc dimethyl dithio-
carbamate) is used widely on seeds and vepe-
tables, and as an industrial fungicide in paper,
plastic mmbber and textile industries to increase
the rate of valcanization. The annual consump-
ton of ziram in India is 4530 million tons (Pesti-
cide [nformation, 1987).

Liram is available as o white crystalline pow-
der. The fungicide has been already reported (o
be a potent mutagen in vitro by Pilinskaya
(19713, Elizarova and Muzhdina (1971) and
Kurinniy and Pilinskaya (1976). We thought of
studying the mutagenicity of the fungicide ap-
plying four different parameters. The objective
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of this work is to find out whether it causes any
occupational hazards, and residue risks.

MATERIALS AND METHODS

Firam {containing 97 .6%- of the active prin-
ciple C52) was dissolved in 5% DMSO o ob-
tain DO, 500 10001, 0001, and 0.001 pgdml;
the chemical was prepared fresh prior wo use.

Peripheral blood culiures were sel contaning
1.5 ml of heparinised blood sample, with 4 ml
of Eagles minimum essential medium (M), 1 ml
of serum, (1,2 ml of phytohemagglutinin and (0.1
ml of ziram following the method of Moorhead
etal. (1960 for chromosomal preparation. The
cultures were incubated at 37°C and harvested
at the end of 48 h,

Six doses of the fungicide were tested, and for
each dose, three repeal experiments were sel.
For each treatment a control was also set with
5% DMS0. All the cultures were done in ster-
ile conditions under 11V hood.

Toeach culture vial 0,1 ml of 0.01% colchi-
cing was added and after 45 minutes they were
centrifuged for 5 minutes at B0 rpm. Cells were
suspended in 6 ml of .75 M KCI and incubat-
ed at 37°C for 5 minutes and centrifuged, Cells
were fixed in (3: 1) methanol acetic acid. Chro-
mosome preparations were made by the flame
drying method and stained with 4% Giemsa.

The following parameters were recorded.

1. Mitoric Index {MI) - more than 5,000 cells

were scored for each repetition,
Mo, of dividiag cells

Ml = x i

Tatal no. of cells scored
2. Chromosomal Aberrations @ 100 well
spread metaphases were scored for each repeat
EXperiment.
3. Sarellite Asgociation {5A ) : From the same
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slide S A were scored. The SA involve a specif-
1 arrangement of acrocentric chromosomes
(¥ (o) with their satellites directed towards
each other.

4. The Micronuclei © Induced by ziram was
analysed from the chhromosomal preparation
employed for chromosome aberration analysis.
1 2(MF cells in interphase were analvsed from
cach cullivre,

The statistical significance of the results was
ol using the standard statistical procedure for
compairison of sample proportions and means as
given by Far (1974).

RESULTS AND IMSCLUSSION

Regarding the mitotic index induced by
ziram the data is presented in table 1. The dot
shows aslight incresase in mitotic mdex ati), | pg
dose when compared to 9001, 0,01 pp dose.
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Tuhle 1 : Mitotic index observed in human leacocyies
in coliure when treated with ziFam

Tregtrmemnr  Diae Tael pa. of  Dividing  MHieic 5K

colle scared. el inder L4
LN fm,) B0, x [

DMED 5% 12,000 B2 R D53

Eiram 000] pg 25,000 1,130 4351 13

ZLiram ol pg 20,0400 e 44 DL14%

Ziram L1 pg 22,000 1,380 63T DLl&d

Ziram 1.0 pg el deally -

Ziram 5.0 pg cell death .

Ziram 1000 pg cell dealh -

The tungicide ziram did not inhibit or delay
cell division. luslightly accelerated cell division
ath ] pg/ml dose, and a few cells advanced into
third mitotic division (M III). Newton and Lil-
Iy (1979 reportesd wiram causing leukaemia and
increase in chromosomal aberrations.

Firam in all the investigated doses, induced
a number of aberrations, when compared with
control, Data on the type and frequency of ab-

Tahbbke 2: Frequency of chromosamal aberrations observed in human lencocytes in culiure fallowing trestment

with ziram
Treatmens  Motaphase  Number of Tipe of aberrations Toral Aberrations 5E
seared meihapkase whiverarions per cell
with [ F Dicen.  Ex. _—
absrrations Irics changes  n %
" ]
5% DMSCO W0 f 200 4 2 2 i TH6 L0 6s 1.04
ZLiram
0001 pg 0 15 533 4 10 4 1% 6,10 06 1.6
0 pg 0 el 13.33 4 M it} 2 44 15,3% 018 232
0.1 ug 400 85 1115 13 40 44 1 ] EydLT) (245 142
1 ug - Cell deah - - - Ol death - B - " . .
50 g = Cell deatls = Cell death - B " . . -
VIR0 g Cell death - Cell death - - - . . .
Gi-liaps H-Hresks F-Fragments
Table 31 Frequency of satellite nssociation patlern observed in human leacocytes in cultore when treated with
ciram
Treapment  Total Types of sarellire gssocianoms Toral Association  SE
celis muriber of  per cell F
seored 0 IeG Gelf 200G 260 26620 A assecialions
5% DMSO 300 - - - - - - .
Ldraawmi
L0000 pg £l - = b 4 - 4 - 1o 1,33 0,74
000 pg I 4 4 3 3 - 4 4 2 1.33 108
0.0 g 0 4 4 ] [} 4 L3 12 46 11.50 1.53
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Fig. 1. Chromnsme sherrations in buman lencecyies in culture treatment with ziram
A Normal = Diplald namber of chromosames (46)
B) A metaphase with arrow showing chramatid gap
C) A meiphase showing chromaild gap{upper wrrow), and chromatd break (lower arrow)
[} A meiphase with arrow showing chromatid break
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Fig. I, Chromiisame aberrtions in homan leacocyles in culture on treatment with ziram
Al A metaphuse showing (tap arrow) & minste (a very small fragment), (middle arrow) big Tragment and
{botlom arrow ) salellile nssocintion
By A meisphase showing double minute (lefil arrow) and sstellite sssociation (right arrew)
L) A metaphase showing lragment (botlom srrow), and satellite sssocimition {top srrow]
1 A metaphase showing chromatid gap (bottom wrrow) and satellile association (lop arrow)
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ermations is presented in table 2. At doses 1pg
and above complete cell death occurad.

Ziram induced both chromatid and chromo-
some type aberrations. Endoreduplication, di-
centrics and aneuploidy were also recorded. A
high frequency of satellite association was ob-
served and was found to be dose related and sta-
tistically significant {Table 3). Among the chro-
matid aberrations single acentric fragments pre-
dominated. Breaks at centromerg werg also re-
corded forming two telocentric chromosomes.
Among the chromosome type aberrations paired
acentric fragments were recorded. A direct and
strong correlation exists between the concentra-
tion of ziram and the frequency of aberrant
metaphases. The aberrations are présented in
figures | and 2.

The frequency of micronucleos induced by
ziram is presented in table 4 which shows a sig-
nificant increase at (. 1 ug dose when compared
to control.

Table 4 : Frequency of micronaclel induced by ziram

Tremiment  Dose Ieterphaze cells witk micromucled

per 130

n * FE 2

DMED 5% & 0.50 a.111
Liram 0.001 ] 0.50 0111
Liram 0010 10 0.83 0.143
Liram 0100 kL] .50 0246
Liram 100 cell death -
Liram 500 cell death
Liram 10.00 cell dealk

Chromosome type of aberrations arises in G,
stage and chromatid type in § and G, stages (Pi-
linskaya, 1971). In our stedies the entire cell
cycle of first mitosis was observed in leucocytes
i culture and in this case the chromatid type
aberrations were predominant. So we can as-
sume that S and G, periods of cell cycle are

more sensitive o the action of ziram. Our results
in this regard are in good agreement with Pilin-
skaya's (197 1) results in human lymphocytes in
culture.

The satellite association has been considered
as a predisposing factor for non disjunction
{Hansson, 1970). Ziram induced high frequen-
cy of satellite association at 0.1 pg dose. The
increased structural aberrations in metaphases
and micronuclei in interphase cells at the sane
concentration and sampling time may indicate
the micronucle result from chromatid and chro-
mosome fragment and lagging chromosomes.

From the results of our present study it may
be concloded that ziram is mutagenic in viiro
and in vive studies also have to be camed out to
confirm the mutagenicity of ziram.
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